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[ Presentation outline
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* Introduction to Keronite and our “PEO” technology
* Typical coating characteristics classic applications

Current applications in aerospace and defence:

-~ * Magnesium gearboxes

| * Ti6AI4V landing gear bearing carriers | —

* Al MMC structures ()

* Other Al applications

© Keronite 2011



< Background
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Keronite International Ltd. is a Cambridge(UK)-based
company that specialises in “plasma electrolytic oxidation”,

This is an electrochemical process for the surface conversion
of any aluminium or magnesium alloy to give a very hard but
compliant ceramic surface.

The process is used for wear protection in many cases where
anodising is inadequate. These include applications where
superior hardness and wear performance is needed, or
where metals such as 2000-series aluminium or magnesium
alloys are to be used. It also provides un-rivalled Cr-free
corrosion protection for magnesium alloys.

© Keronite 2011 3



KERONLLE  QOrigins of PEO technology

Applied “PEQ” technology has its origins in the former USSR,
where it played a role in the longevity of the Mir space station f

1986-2001 | b




KERDNITE Keronite International

Established in 2000, Keronite specialises in the development and
commercial application of throughout the world

. Global HQ in Cambridge (UK)
US HQ in Indianapolis
Partners and licensees worldwide

* Service provider

* Equipment design and installation
* Application engineering

* World leading R&D in PEO




| TE Business strategy

£
Keronite aims to deliver solutions to our customers in whatever form is most suitable,
' from R&D and applications engineering, through to small scale production
(at Keronite HQ or one of our partners), right up to licensed
high-volume production, where we will design,

install, and even operate equipment

as appropriate

© Keronite 2011 Semi-automated Keronite production line in Korea



The process in action:

The process is an electrolytic process (like anodising), but employs non-
toxic, dilute alkaline electrolytes, and high voltages to generate millions of
very short-lived, pm-scale plasma discharges. These melt and modify the
growing oxide layer, changing its structure, making it harder, and denser.



e L A Process schematic
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KERONITE  Structure & Composition

ADVANCED SURFACE TECHNOLOGY

As with anodising, we have a dense, well-adhered
ceramic layer, resulting from substrate oxidation.
In the PEO process, however, this is modified by
melting, melt-flow and re-solidification to become
far harder crystalline phases such as “sapphire”,
and also a far more complex microstructure than
the simple columnar pores of anodising.
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FER2 N+ Hardness & wear resistance
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The crystalline phases, particularly a-Al,O,, confer
hardnesses of 1500-2000 HV,, ; on the Keronite layer,
making it significantly harder than steel, sand, glass
and many common wear counterparts. This hardness
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Wear protection
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Local current (mA)

© Keronite 2011
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Process control

B UNIVERSITY OF

¥ CAMBRIDGE

Keronite and research partners in the
University of Cambridge possess unique
MHz process analysis and control
capabilities for characterising individual
discharges and plasma parameters such
as temperature and composition.

T..= 16000 K
Tenvelope: 3500 K
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ADVANCED SURFACE TECHNOLOGY

KERONITE World motorsport

<

Keronite coatings are widely used in motorsport.

They are in particular demand with many of the worlds’ leading
motorsport teams, including F1 teams where Keronite is the most
widely applied protective coating for magnesium.

Thermal protection
Magnesium corrosion protection
Hardness and wear protection

QA 0;
..........

© Keronite 2011



o Layer structure

ADVANCED SURFACE TECHNOLOGY

Through thickness ; v
columnar cracks Micro-porosity

at the sgharp corner in the coating

Similar to anodising: Uniform coverage of complex shapes
Well-controlled, predictable growth

Non-columnar structure: Superior edge protection
Less susceptible to corrosion, wear

Lower fatigue debit
© Keronite 2011 14



1< Friction surfaces
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The Keronite surface has intrinsic roughness of:
R, = Y10 Thickness

This can be enhanced (e.g. profiled substrate) or reduced (e.g.
polishing or post-treatment) to give a very wide range of u

Approximate examples:

Ao Keronite vs. bearing steel: 0.6-0.7
Keronite vs. Keronite: ~0.6

Lubricated Keronite: ~0.1

Polished, lubricated: ~0.03-0.04
Polished bearing

© Keronite 2011 15



|{{KE RONITE Racing yachts (friction)
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The America’s Cup Yac/ht BMW Oracle
pioneered the use of Keronlte“‘" coated wm,r,’h N
drums in 2007. These have since been W|dely‘Q

adopted in high- perfarmance racing yachts;-=., '
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High friction surfaces
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[ Low friction

By applying conventional polishing or honing techniques to Keronite surfaces,
R, of just 10s of nm can readily be achieved. This generally amounts to
removal of the surface roughness; with the polishing somewhat self-limiting
as soon as the bearing area increases.

Polished surfaces retain a very fine pore structure which
is ideal for lubricant retention. A honed cylinder liner, for
instance, retains lubricant as well as traditional
corrugated surfaces, whilst offering far lower friction.

Keronite was an enabling technology for certain
aluminium valve-train components in F1 engines
when 22,000 rpm was permitted; hard anodising
could not provide adequate wear protection.

© Keronite 2011 19
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Surface protection for WE43B and ZE41A cast gearbox housings:

e Mg gearboxes

 Cr-free corrosion protection
* Minimal fatigue debit
* Wear protection
* Paint adhesion

LN'QNR'

* Up to ~4m? (for S-92)
e DOW17 and HAE replacement (to exceed AMS 2466)
* Qualified pre-treatment for Rockhard Resin

© Keronite 2011 Image courtesy of Bristow Norway
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-Ford Motor Co. research

Mg corrosion protection

7o T

Keronite is th
e only system
to exceed the protection offered by Cr(VI)
conversion

© Keronite 2011

Magnesium Technology

2008 Edited DY Neale

ward 1. Kaplan, and Bob R. Powell

T™S (The M inerals, Metals & Materials Saciety), 2005

Evaluation of Corrosion Protection Methods for Magnesium Alloys in Automofive Applicatinns

Blanchard, pJ. Hill,DJ. Bretz, G.T.. & McCune, RC.
Ford Motor CO-. Research & Advanced Engineering
2101 Vvillage Road, Dearbori, MI 48121

Keywords: Magnesiuin, Conversion Coatings. Anodized Coatings and Corrosion

Abstract

Magnesinm alloys are susceptible 10 galvanic corrosion.
Consequently. it is often necessary 10 apply coatings 10
magnesium components for isolation purposes. However,
previous publicalions suggest the effectiveness of commercial
coatings can vary widely. Therefore, an exiensive corrosion
screening study was performe.d to evaluate pre-treatmem and
coating systems currently available for use within the automotive
industry- This paper focuses on @ selection of conversion and
anodized coatings- In many instances. {hese coatings were used in
conjunction with either powder coat or an electro-coat 10 assess
the additional protection offered by 2 supplem::mal parrier. Scribe
test resulls and corroded ared determination after accelerated
corrosion testing are presented and used 10 quamify the pie-
treatment performfmce‘ These results are supplememed by DC
polariza(ion measurements to determinge the level of passivation,
Finally, SEM micrographs Were used 1o determine coating
thickness v ariability and morphology- The overall performance of
each pre-\remmem and coating is then assessed with respect 10
corrosion protection and robustness.

methods. The sections that follow detail each of the test methods
employed and highlight the key observations and suitability of the
candidate systems for future implememation,

Material Selection and Expcrimunlal Methods

Ex,';erimemuf Test Plan

Table 1 contains 2 summary of the coating combinations. In total,
seven primary coatings of pn:—trea\mems were evaluated as part of
this study. However, since previous studies 121 re.commended the
use of supplememal parrier layers, in most cases. either an epoxy
electro-coat of powder coat was also applied 1© the primary
coating 10 determine the incremental penefit of these additional
layers.

Table 1. Sample jdentification and coating combinations.
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KERONITE Mg Taber abrasion

ADVANCED SURFACE TECHNOLOGY
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KERONITE Fatigue endurance

ADVANCED SURFACE TECHNOLOGY
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. “Department of Engineering Materials, The University of Sheffeld, Mappin Str, Shepfeld 51 3D, UK
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IB4EERCNLTE Ti6Al4V bearing carriers
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Ti6Al4V landing gear bearing carriers for civil airliner MROs

4 parts & 9 bearings per typical airframe

Keronite provides improved bearing refurbishment service:

* Improved wear performance

* Improved anti-galling protection
© Keronite 2011 24



KERONITE Ti6AlI4V wear

CHNOLOGY

ADVANCED SURFACE

<

8 - —e—Bare Ti6Al4V
. —4—KTT coated

—B-KTT+modifier
6

Wear volume (mm3)
D
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Applied Load (N)

) PEO layers obtained from mixed aluminate—phosphate baths on Ti—-6Al-4V: Dry sliding behaviour,
© Keronite 2011 C. Martini et al., Wear 269 (2010) pp. 747-756 25



[ Al MMC structures
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AMC640xa MMC structural members
AA06061 with 40% SIC reinforcement

Keronite coated for:

 Corrosion protection

* Fretting wear protection
 Anti-galling protection

... all with minimal fatigue

Imageeourtesy of NASA



CHNOLOGY

‘EK S Al MMC fatigue
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© Keronite 2011 Fatigue data courtesy of AMC, with permission of ESA 27



ADVANCED SURFACE TECHNOLOGY

KERONITE Thermal stability

(<

Coatings stable to over 900°C (1650°F)
Strain tolerant and resistant to thermal shock and cycles

Moderate thermal conductivities (k~0.2-5 W m-1 K1):

* Thermal protection

(e.g. Federal Mogul piston crowns)

* Insulating heat sinks

The Thermal Conductivity of Plasma Electrolytic Oxide Coatings on Aluminium and Magnesium

Curran, J.A. and Clyne, T.W., Surface and Coatings Technology, v.199(2-3), pp.177-183 (2005).
© Keronite 2011 28




KERONITE Naval aviation

ADVANCED SURFACE TECHNOLOGY

Aeronautical & General

Instruments Limited

- - Naval aviation lighting systems:
* Paint adhesion

' ‘= : _— * Corrosion protection
S . — T N * Thermal barrier function
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\{{K I Naval aviation

CHNC
Aeronautical & General
Insoruments Limited

Deck and hangar edge lights
HELIVAS approach lights

Stabilised horizon reference systems

© Keronite 2011 30
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KERONITE  Hjgh-power substrates

Developed for high dielectric strength (>2kV,. () insulation
Resistant to thermal shock thermal cycles of over 300°C (570°F)

Coating stable to over 900°C (1650°F)

Minimal thermal barrier (>1 W m™ K1)

Applications:

* High-power electronics
* LED lighting systems
* Plasma processing

B T

© Keronite 2011



KERONITE Summary

ADVANCED SURFACE TECHNOLOGY
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Keronite’s surface treatment provides the solution to a wide
range of aerospace and defence engineering challenges:

Chrome-free Mg corrosion and wear protection
with minimal fatigue debit
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Ti6Al4V wear protection & =

=

Thermal barrier protection, optical surfaces,
high power dielectric insulation

© Keronite 2011



[ Contact information
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Eric. Tocco@keronite.com James.Curran@keronite.com
USA Sales Executive Principal Materials Engineer
Cell: (317)432-4985

Keronite Inc.

2121 Southtech Drive, Suite 220
Greenwood, IN 46143

Office : (724)265-8122
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